Abstract：Compact InGaAsP microdisk cavities were fabricated on a flexible polydimethylsiloxane substrate. The lasing of the flexible microdisk was obtained with a low threshold. The curvature dependence of lasing wavelength was also characterized by bending cavity.
Introduction
In recent years, compact semiconductor microdisk cavities with whispering gallery mode (WGM) [1] have attracted a lot of attention for applications in photonic integrated circuits due to their promising and versatile optical functions. The polymer/organic photonic devices had been studied widely because of their special spectral properties and application flexibility. In this report, we characterized the lasing wavelength of a flexible InGaAsP microdisk laser on a polydimethylsiloxane (PDMS) substrate by bending the structure. With a flexible substrate, this type laser can function not only as a light source, but also as a sensing device for the bending curvature.
Fabrication and measurement
In this work, compact InGaAsP microdisk lasers were fabricated on a PDMS substrate. The illustration of cavity structure is shown in Fig. 1 . The 240 nm thick InGaAsP layer, which contents four InGaAsP quantum wells, was grown on an InP substrate in a metal-organic chemical vapor deposition (MOCVD) system for emission near 1.55 μm wavelength. The silicon nitride and polymethylmethacrylate (PMMA) were deposited as the masks during the processes. Microdisk patterns were defined by electron beam lithography with varied diameters. Then the patterns were transferred into InP substrate in reactive ion etching (RIE) with CHF 3 /O 2 mixture and inductive coupled plasma (ICP) etching with CH 4 /Cl 2 /H 2 mixture.
A polydimethylsiloxane (PDMS) layer serves as a flexible polymer substrate here. The PDMS has a low refractive index of 1.42 which supports good optical confinement in the vertical direction of the microdisk cavity. The InGaAsP was then flip and boned to PDMS substrate, followed by a wet etching step to remove InP substrate with HCl solution. Fig. 2 shows a scanning electron microscope (SEM) image of a fabricated microdisk cavity with 4.75 μm diameter.
The microdisk lasers were then optically-pumped at room temperature by using an 850 nm wavelength diode laser at normal incidence with a 1.5% duty cycle and a 30 ns pulse width. The pump beam was focused by a 100x objective lens, and the pump beam spot size is approximately 2 μm in diameter. The output power was collected vertically by a multi-mode fiber connected to an optical spectrum analyzer. Fig. 3(a) shows a lasing spectrum from a microdisk with 4.75 μm diameter. The lasing wavelength is 1571.9 nm. Fig.  3(b) shows the light-in light-out curve (L-L curve) from this microdisk laser, and its threshold power is approximately 0.18 mW. We also verified the first-order WGM mode operation in the cavity by comparing the measured data and the simulation results from three-dimensional (3-D) finite-difference time-domain method (FDTD).
Results and discussions
The microdisk cavity then was bended along a diameter by mounting to the curved metal plates with different radii. The insert of Fig. 4(a) shows the illustration of the microdisk cavity with the bending curvature 1/R. We verified the curvatures with optical microscope and SEM images, and fixed the pumped conditions and power during the experiment. Fig. 4(a) shows the lasing spectra of a 4.75 μm microdisk laser at the varied bending a451_1.pdf IME6.pdf curvatures under 2.0 mW incident pumped power. The lasing actions of this microdisk at those curvatures were all achieved. The lasing wavelength of the microdisk reduces as the bending curvature increases. The 3-D FDTD method was also used to perform the simulation for the microdisk cavity at different bending curvatures. Fig. 4(b) shows the comparison of the simulation and measurement. The blue curve is the calculated wavelength of the bended microdisk cavity on a PDMS substrate at varied curvatures, and the red triangular curve is the measured lasing wavelength. The experiment results agree to the FDTD simulation very well, and the difference between the simulation and measurement in wavelength is approximately 2 nm, which is less than 0.2%. The lasing wavelength is varied linearly in a wide bending region between flat to 20 mm radius which is suitable for the curvature sensing. These special properties of the flexible microdisk lasers provide a high possibility in the sensing applications.
In short, the compact size, flexible microdisk lasers on a PDMS substrate had been demonstrated with a low threshold. The curvature dependence of lasing wavelength was also characterized at the different bending curvatures. This flexible microdisk laser can benefit to compact light source or sensor in the future photonic integrated systems. 
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